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(54) Process for modifying a uniformity of a tire 

(57) A process for modifying a uniformity of a tire 
comprising a radial carcass ply of rubberized organic 
fiber cords is modifications of radial force variation 
(RFV) and conicrty force (COF), which is carried out by 
dividing RFV- or COF-rejected fire into two portions and 
applying different thermal hysteresis to these portions 
under specified conditions. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] This invention relates to a process for the 
modification of uniformity in tires, particularly pneumatic 
radial tires having a carcass ply of organic fiber cords, 
especially small-size tires such as passenger car radial 
tires, which effectively and advantageously modifies a 
radial force variation (hereinafter abbreviated as RFV) 
and a conicity force (hereinafter abbreviated as COF) of 
the tire as well as tires applying the above process. 

2. Description of Related Art 

[0002] It is well-known that the uniformity of the tire, 
particularly the radial tire is an important property 
depending upon the quality of tire performances. 
Among uniformity properties, RFV has an influence on 
performances of almost all radial tires, and COF has 
particularly a remarkable influence on a straight running 
performance of the passenger car radial tire. Firstly, 
RFV will be described below. 

[0003] When the tire is placed on a uniformity test- 
ing machine and run thereon under loading at a state of 
fixing a loaded radius, the load always varies regardless 
of a large or small variation during one revolution of the 
tire, and the quantity of such a variation (all amplitude) 
is called as RFV In general, the variation of the load 
measured by the testing machine can be taken out as a 
waveform that a primary component forms substantially 
a sine wave, and secondary or more components are 
superposed thereon when the load applied to the tire is 
represented on the longitudinal axis and the distance 
during one revolution of the tire is represented on the 
horizontal axis. An example of RFV is shown in Fig. 15. 
[0004] In the tire mounted onto a vehicle. RFV is a 
variation quantity of reactive force in a radial direction 
from a road surface per one revolution of the tire running 
under loading. Therefore, RFV of the tire renders a force 
for adding vibration to the vehicle, so that the tire having 
a large value of RFV has problems that the ride comfort 
of the vehicle against vibrations is degraded and in 
some cases, an uneven wear is created in the tread rub- 
ber to considerably damage the steering stability of the 
vehicle during the high-speed running. 
[0005] Therefore, it is necessary to control RFV of 
the tire within a range not creating the above problems. 
For this end, all of the tires attaching importance to the 
uniformity property, particularly the radial tires for pas- 
senger cars after the building through vulcanization are 
subjected to an inspection for sorting acceptance or 
rejection of uniformity by mounting each of the tires onto 
a given rim and applying a given internal pressure 
thereto. As a result, the tires showing a RFV value of 
more than a given rated value are removed from a for- 



2 

ward line as a rejected product. These rejected tires are 
scrapped or subjected to modification for adjusting the 
RFV value to a range of the rated value. 
[0006] And also, the uniformity of the tire includes a 
5 longitudinal deflection and a lateral deflection based on 
the dimensional change in addition to the above force 
variation. Among these deflections, the longitudinal 
deflection in the radial direction of the tire particularly 
affects the tire properties. The absolute value (maxi- 
10 mum value) of the deflection in the radial direction is 
called as radial runout (hereinafter abbreviated as RR) 
and RR is said to have a close relation to RFV 
[0007] After RR is measured together with RFV by 
the inspection for sorting the acceptance or rejection of 
is uniformity, tires having rejected RFV values are marked 
at a position showing a maximum value of RR without 
scrapping as far as possible and removed from the 
inspection line and subjected to RFV modification. The 
modification process is a process wherein the RFV- 
so rejected tire is mounted onto a given rim and inflated 
under a given internal pressure and thereafter the 
marked surface of the tread rubber is subjected to buff- 
ing through a grinder to grind out only a partial area of 
the tread rubber by a gauge corresponding to RFV 
25 value to thereby decrease the RFV value. 

[0008] Since the waveform of RR does not always 
correspond to the waveform of RFV as regards peak 
positions of both waveforms, a process for directly con- 
ducting RFV modification through the buffing is carried 
30 out in such a partial area along the circumference of the 
tread portion that centers a position showing a maxi- 
mum value of RFV in a primary component taken out 
from the waveform of RFV 

[0009] However, even if the RFV value is modified 
35 to a proper range by the buffing to relieve the rejected 
tire according to anyone of the above processes, it is 
hardly impossible to perfectly repair the appearance of 
the tread portion subjected to the buffing, so that it is 
undeniable to lower the worth in the appearance of the 
40 tire. Furthermore, it should pay attention to a problem 
that the powder dust of the rubber caused by the buffing 
of the tread rubber worsens the working environment. In 
JP-T-6-507858 (US Patent No. 5616859) is disclosed a 
process 

45 [0010] of modifying the uniformity, wherein RR 
comes up as a property of the modifying target of the 
uniformity and a part of a cord in at least one ply at a 
sidewall portion is subjected to a permanent deforma- 
tion so as to render RR below an acceptable value and 

so such a permanent deformation restrains a part of the 
fire other than a position to be modified under an infla- 
tion of a previously set pressure to restrict the stretching 
of the cord in the restrained part. 
[0011] According to the process disclosed in the 

55 above publication, it is certainly possible to conduct the 
modification of RR within at least an acceptable range 
without damaging the appearance of the tire. However, 
the positions showing the maximum value and the mini- 
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mum value do not always agree between RR and RFV 
as previously mentioned, and there is frequently caused 
a case that their positions widely shift each other. 
[001 2] And also, the correlation coefficient between 
RR and RFV is not so high even in the maximum value s 
and minimum value. Because, RR is a phenomenon 
based on the unevenness at the cross-sectional shape 
of the tire, while RFV is a phenomenon based on the 
change of the rigidity along the circumference of the tire. 
The unevenness at the cross-sectional shape of the tire 10 
is caused by ununiform gauge of the tread portion along 
the circumference of the tire and the disorder in the 
arrangement of the constituting members arranged in 
the tread portion, especially the disorder in the cord 
arrangement of the cord layer constituting the belt. From is 
this point, it is clear that RFV based on the change of 
the rigidity along the circumference of the tire is not 
always coincident with RR. 

[0013] Moreover, in order to permanently deform a 
part of the ply cord of the carcass, it is required to apply 20 
a very high tension to the ply cord. For this purpose, the 
internal pressure of the tire should be a very high pres- 
sure, so that there is a fear of braking the tire during the 
permanent deformation of the cord. 

[001 4] Next, COF is a lateral force produced toward 25 
the rotating axial direction of the tire by running the tire 
under loading. A significant point of COF lies in a force 
generated in a constant direction irrespectively of the 
rotating direction of the tire. COF is a force mainly gen- 
erated when the tread portion and the belt arranged 30 
therein form a surface of cone frustum shape and corre- 
sponds to so-called camber thrust. 
[001 5] COF is measured by using a uniformity test- 
ing machine in the same manner as in the measure- 
ment of RFV. In the measurement, the lateral force 35 
generated from the tire is taken out at a state of dividing 
into forward rotation and backward rotation of the tire. 
The lateral force measured is shown in Fig. 16 as a dia- 
gram. As shown in Fig. 16, the lateral forces LF P and 
LF N vary in the rotation of the tire, respectively, and also 40 
the direction of generating the lateral force differs 
between the forward rotation and the backward rotation. 
In Fig. 16, the lateral force LF P in the forward rotation of 
the tire is shown at plus side (+) and the lateral force 
LF N in the backward rotation of the tire is shown at 45 
minus side (-). 

[0016] COF is a direct component of the lateral 
force and is defined by COF » (LF pw and LF NW )/2 
when abstracting the direct component LF PW (>0) of the 
lateral force LF P in the forward rotation of the tire and so 
the direct component LF NW (<0) of the lateral force LF N 
in the backward rotation of the tire with reference to Fig. 
16. 

[0017] If the tires generating a large value of COF 
are mounted onto right and left sides of an axle so as to ss 
offset COF, there is hardly caused an influence upon the 
straight running property of the vehicle. On the contrary, 
if plural tires are accidentally mounted so as to generate 



COF in the same direction, the lateral force of a con- 
stant direction is always applied to the vehicle, so that 
the straight running property of the vehicle is remarka- 
bly obstructed. 

[0018] In general, the modification of COF is carried 
out by a process wherein an end portion side of the 
tread rubber in the width wise direction is subjected to 
buffing to cut out the tread rubber likewise the modifica- 
tion of RFV. As a process of modifying COF without 
buffing, the aforementioned JP-T-6-507858 (US Patent 
No. 5616859) discloses a process wherein permanent 
strain exceeding an elastic limit is applied to the ply cord 
of the carcass. However, it is an actual state that both 
processes for modifying COF have aforementioned 
problems irrespectively of the buffing or application of 
permanent strain exceeding the elastic limit to the ply 
cord. 

SUMMARY OF THE INVENTION 

[0019] It is, therefore, a first object of the invention 
to provide a process for modifying a uniformity of a tire 
capable of surely and effectively controlling RFV to a 
range of a given rated value while holding a good 
appearance without subjecting RFV- rejected tire to cut- 
ting work such as buffing or the like and without apply- 
ing a considerably high internal pressure to the tire and 
without the danger of tire breakage. 
[0020] It is a second object of the invention to pro- 
vide a process for modifying a uniformity of a tire capa- 
ble of advantageously and largely reducing COF to 
control COF level to a rated value without applying buff- 
ing or a remarkably high internal pressure to COF- 
rejected tire. 

[0021 ] It is a third object of the invention to provide 
a tire obtained by applying either of the above two proc- 
esses for the modification of uniformity to RFV-rejected 
tire and COF-rejected tire to modify proper RFV and 
COF properties while holding the appearance after vul- 
canization. 

[0022] According to a first aspect of the invention, 
there is the provision of a process for modifying a uni- 
formity of a tire comprising a carcass ply of rubberized 
organic ftoer cords arranged side by side in a radial 
direction of the tire, which comprises the steps of meas- 
uring a radial force variation (RFV) of the tire inflated 
under a given internal pressure, putting a first distin- 
guishing mark to a first tire portion indicating a minimum 
value of RFV, puffing a second distinguishing mark to a 
second tire portion indicating a maximum value of RFV, 
applying different thermal hysteresis to the first fire por- 
tion and the second tire portion, and keeping a state of 
applying the given internal pressure to the tire during 
the cooling in the thermal hysteresis. 
[0023] In a preferable embodiment of the first 
aspect of the invention, a waveform of a primary compo- 
nent is taken out from the measured RFV waveform and 
the first distinguishing mark is put to the first tire portion 
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corresponding to a maximum value of the primary com- 
ponent waveform, and the second distinguishing mark 
is put to the second tire portion corresponding to a min- 
imum value thereof. In another preferable embodiment 
of the first aspect of the invention, it is preferable that the 5 
internal pressure of the tire during the heating in the 
thermal hysteresis is either an atmospheric pressure 
communicating to air or a weak pressure. 
[0024] The first aspect of the invention mentioned 
above includes two ways for modifying RFV. In a first 10 
way, at least a sidewall portion of the first tire portion is 
heated to make a temperature thereof higher than that 
of the second tire portion at the finish of the heating in 
the thermal hysteresis. Moreover, the term "thermal 
hysteresis" used herein means a hysteresis ranging is 
from a start of the heating to a finish of the cooling. 
[0025] In the thermal hysteresis according to the 
invention, the following two heating means are favorable 
as regards the heating. 

20 

(1) Only at least sidewall portion of the first tire por- 
tion is partially heated at a given temperature. 

(2) At least sidewall portions of the first tire portion 
and the second tire portion are heated at different 
amounts of heat, respectively. 2$ 

tt is favorable that the heating is carried out so 
as to make an internal temperature of at least side- 
wall portion of the first tire portion higher by no less 
than 40 °C than that of at least sidewall portion of 
the second tire portion at the finish of the heating of 30 
the tire. 

Further, as the cooling in the thermal hystere- 
sis according to the invention, the following two 
cooling means are favorable: 

(3) TTie whole of the tire subjected to the heat is 35 
spontaneously cooled. 

(4) At least sidewall portion of the first tire portion is 
slowly cooled at a cooling rate slower than that of at 
least sidewall portion of the second tire portion. 

40 

[0026] The term "spontaneous cooling" used herein 
means that the surroundings of the tire are cooled while 
being exposed at room temperature or an atmospheric 
temperature. 

[0027] In a second way of the RFV modification 45 
process, the whole of the tire is uniformly heated at the 
same temperature and at least sidewall portion of the 
second tire portion in the tire after the finish of the heat- 
ing is cooled at a cooling rate faster than that of at least 
sidewall portion of the first fire portion. so 
[0028] As to the cooling, it is favorable that at least 
sidewall portion of the second tire portion is quenched 
by force-cooling and at least sidewall portion of the first 
tire portion is slowly cooled by spontaneous cooling. 
[0029] According to a second aspect of the inven- 55 
tion, there is the provision of a process for modifying a 
uniformity of a tire having a carcass ply of rubberized 
organic fiber cords arranged side by side in the radial 
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direction, which comprises the steps of measuring a 
quantity and a direction of a conicity force (COF) of the 
tire inflated under a given internal pressure, putting a 
third distinguishing mark to a first half tire part located in 
COF generating direction when the tire is divided into 
first and second half tire parts with respect to an equa- 
torial plane of the tire, and applying different thermal 
hysteresis to the first half tire part and the second half 
tire part and applying the given internal pressure to the 
tire during a period ranging from a middle stage to a last 
stage of a cooling in the thermal hysteresis. 
[0030] In a preferable embodiment of the second 
aspect of the invention, the thermal hysteresis is carried 
out by uniformly heating the whole of the tire, and cool- 
ing the first half tire part having the third distinguishing 
mark at a temperature lower than that of the second tire 
half-part in at least an initial stage of the cooling of the 
tire. 

[0031] In another preferable embodiment of the 
second aspect of the invention, the internal pressure of 
the tire is made either an atmospheric pressure or a 
weak pressure during a period ranging from an initial 
stage to a middle stage of the cooling in the thermal 
hysteresis. 

[0032] In the other preferable embodiment of the 
second aspect of the invention, the first half tire part is 
cooled at a cooling rate faster than that of the second 
half tire part during a period ranging from an initial stage 
of the cooling of the tire to at least an application of the 
given internal pressure to the tire. 
[0033] In order to apply different cooling rates, it is 
preferable that the first half tire is quenched by force- 
cooling and the second half tire part is slowly cooled by 
spontaneous cooling. 

[0034] As to the heating in the thermal hysteresis, it 
is favorable that the internal pressure of the tire during 
the heating is made either an atmospheric pressure 
communicating to air or a weak pressure. 
[0035] According to a third aspect of the invention, 
there is the provision of a pneumatic tire applied to the 
process for modifying the tire uniformity relating to RFV 
mentioned above, in which in a carcass ply of organic 
f foer cords arranged side by side in the radial direction, 
a modulus of elasticity of the organic fiber cord located 
in at least sidewall portion of the first tire portion is larger 
than that in at least sidewall portion of the second tire 
portion. 

[0036] According to a fourth aspect of the invention, 
there is the provision of a pneumatic tire applied to the 
process for modifying the tire uniformity relating to COF 
mentioned above, in which in a carcass ply of organic 
ffoer cords arranged side by side in the radial direction, 
a modulus of elasticity of the organic fiber cord located 
in the first half tire part is smaller than that in second half 
tire part 

[0037] In the tires according to the third and fourth 
aspects of the invention, the difference in the elastic 
modulus of the organic fiber cord is a significant of at 
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least 5% in a significant examination using a statistical 
method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] The invention will be described with refer- 
ence to the accompanying drawings, wherein: 

Fig. 1 is a diagrammatically left-half section view of 
a first embodiment of the pneumatic tire according 
to the invention; 

Fig. 2 is a schematically plan view of a main part of 
an apparatus for heating a tire; 
Fig. 3 is a diagrammatically section view taken 
along a line Ill-Ill of Fig. 2; 

Fig. 4 is a schematically plan view of a main part 
illustrating a modified embodiment of the heating 
apparatus shown in Fig. 2; 

Fig. 5 is a diagrammatically section view taken 
along a line V-V of Fig. 4; 

Fig. 6 is a schematically plan view of a simplified 
apparatus for cooling a tire; 
Fig. 7 is a diagrammatically section view taken 
along a line VII-VII of Fig. 6; 
Fig. 8 is a schematically plan view of another appa- 
ratus for cooling a tire; 

Fig. 9 is a diagrammatically section view taken 

along a line IX-IX of Fig. 8; 

Fig. 10 is a diagrammatically section view of an 

apparatus for heating and cooling a tire; 

Fig. 1 1 is a diagram of a primary component of 

RFV; 

Fig. 12 is a diagram before and after RFV modifica- 
tion by a first way in RFV modifying process accord- 
ing to the invention; 

Fig. 13 is a diagram before and after RFV modifica- 
tion by a second way in RFV modifying process 
according to the invention; 
Fig. 14 is a diagram of lateral force in forward and 
backward rotations of a tire by applying a process 
for modifying COF according to the invention; 
Fig. 15 is a diagram of RFV before modifying; and 
Fig. 16 is a diagram of lateral force in forward and 
backward rotations of a tire before modifying. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0039] An outline of an embodiment of the process 
for modifying a uniformity of a tire according to the 
invention is described with respect to a tire shown in Fig. 
1, and details of the process for modifying RFV are 
described with reference to Figs. 2-9, and then details of 
the process for modifying COF are described with refer- 
ence to Fig. 10. 

[0040] In Fig. 1 is shown a diagrammatically left- 
half section of the tire according to the invention. 
[0041] The tire 1 shown in Fig. 1 is a radial tire for a 



passenger car. The tire 1 comprises a pair of bead por- 
tions 2 (only one side thereof is shown), a pair of side- 
wall portions 3 (only one side thereof is shown), and a 
tread portion 4 linked to both sidewall portions 3. These 

5 portions 2, 3 and 4 are reinforced with a carcass 6 
extending between a pair of bead cores 5 embedded in 
the respective bead portions 2 and comprised of at least 
one ply (two plies 6-1 and 6-2 in the illustrated embodi- 
ment), and a belt 7 is arranged on an outer circumfer- 

w ence of the carcass 6 to reinforce the tread portion 4. 
[0042] Each of the plies 6-1 and 6-2 of the carcass 
6 is a ply of rubberized organic fiber cords arranged side 
by side in the radial direction. The organic ftoer cord 
used in the carcass 6 includes, for example, nylon-6 

is cord, nylon-66 cord, polyester cord, rayon cord and the 
like. The belt 7 comprises two or more rubberized cross 
cord layers 7A and a cap belt layer 7B covering the 
outer circumference thereof. In the belt 7, the cross cord 
layers 7A are always existent, but the cap belt layer 7B 

20 may be omitted in accordance with the kind of the tires. 
A tread rubber 8 is arranged around the belt 7. 
[0043] The above tire 1 is a typical embodiment 
applied to the processes for modifying the uniformity 
according to the invention as mentioned below. Firstly, 

25 there will be explained the process for modifying RFV 
among the processes for modifying the uniformity. 
[0044] The cured tire 1 to be inspected for uniform- 
ity is subjected to a post-cure inflation (hereinafter 
abbreviated as PCI) at a high temperature just after the 

30 curing and spontaneously cooled to room temperature. 
All of the tires 1 cooled to room temperature are fed to 
an inspection step for judging acceptance or rejection of 
RFV among various uniformity properties, at where 
RFV is measured by an apparatus for measuring the 

35 uniformity at a state of inflating under a given internal 
pressure to conduct automatic selection. In this case, 
tires exceeding a rated value of RFV (upper limit) are 
putted with a distinguishing mark at a position indicating 
at least one of a lower RFV value and a minimum value 

40 near thereto and removed out from the inspection line 
and then transferred to a step for modifying the uniform- 
ity. 

[0045] In the automatic selection of RFV, it is prefer- 
able to take out only a waveform of a primary compo- 

45 nent from the RFV waveform including high degree 
components by Fourier waveform analysis of an output 
from the uniformity measuring apparatus as shown in 
Fig. 11. According to this procedure, the burden of 
specifying the minimum value and the maximum value 

so is removed and it is enough to specify only two positions 
corresponding to a position S of the lower limit and a 
position L of the upper limit in RFV. The positions S and 
L means a cross sectional region along the radial direc- 
tion of the tire 1 . 

55 [0046] In the measurement of RFV, a first distin- 
guishing mark M s is automatically put at the position S 
of the lower limit, and a second distinguishing mark M L 
is automatically put at the position L of the upper limit. 



BNSDOCID: <EP 1023987A2_I_> 



9 

respectively (see Figs. 2-5). It is simple and favorable to 
use, for example, different colored marks as these dis- 
tinguishing marks. 

[0047] Considering the handling of the tire 1 in the 
RFV modification mentioned below, it is favorable to put s 
the distinguishing mark at a position easily visible from 
the outside of the tire such as a ground contact surface 
4t of the tread portion (see Fig. 1), a surface of the side- 
wall portion 3 or the like of the tire 1 in order to distin- 
guish at first sight. 10 
[0048] A different thermal hysteresis is given to a 
first tire portion 1 a putted with the first distinguishing 
mark M s and a second tire portion 1b putted with the 
second distinguishing mark M L , respectively. The ther- 
mal hysteresis comprises a heating cycle and a cooling is 
cycle after the finish of the heating. 
[0049] A given internal pressure is applied to the 
tire 1 during the cooling cycle. The term "given internal 
pressure" used herein means concretely an internal 
pressure of a practical use range which is not more than 20 
a maximum air pressure disclosed in "LOAD/INFLA- 
TION PRESSURE TABLE" of JATMA YEAR BOOK 
(1998) every a group of tires to be modified. In general, 
the internal pressure is preferable to be within a range 
of 100-500 kPa. In case of the tire 1 for passenger car, 2s 
the internal pressure is preferable to be within a range 
of 100-300 kPa. 

[0050] Two ways are applied in the application of 
the different thermal hysteresis to the tire 1 . A first way 
is a way wherein a heating temperature of the first tire 30 
portion 1 a is made higher than a heating temperature 
of the second tire portion 1b. A second way is a way 
wherein a cooling rate of the second tire portion 1b is 
made faster than a cooling rate of the first tire portion 1 
a after the tire 1 is heated at the same heating tempera- 35 
ture. 

[0051] In the first way, a modulus of elasticity of the 
organic fiber cord in the carcass ply 6-1, 6-2 of the car- 
cass 6 at the first tire portion la becomes lower than 
that at the second tire portion 1 b in the finish of the heat- 40 
ing. However, since the internal pressure is applied to 
the inside of the tire 1 , tension acts to the organic fiber 
cords of the plies 6-1, 6-2, so that the modulus of elas- 
ticity in the organic fiber cord of the plies 6-1,6-2 at the 
first tire portion 1a heated at a higher temperature 45 
becomes higher than that of the ply 6-1, 6-2 at the sec- 
ond tire portion 1b in the finish of the cooling and hence 
a reactive force at the lower limit S of RFV increases. 
On the other hand, a reactive force at the upper limit L 
of RFV hardly changes, so that the value of RFV so 
becomes smaller than that before modifying and hence 
the RFV value of the tire 1 can be rendered into a range 
of a desired value. 

[0052] In the second way, the modulus of elasticity 
in the organic ftoer cords of the plies 6-1, 6-2 is the ss 
same as the whole of the tire 1 in the finish of the heat- 
ing. In case of cooling the organic fiber cords of the plies 
6-1, 6-2 subjected to tension by applying the internal 
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pressure to the tire 1, however, the cooling rate of the 
second tire portion 1b is made faster than that of the 
first fire portion 1a, so that the modulus of elasticity in 
the organic f fcer cords of the plies 6-1 , 6-2 at the second 
tire portion 1 b becomes lower than that of the plies 6-1 , 
6-2 at the first tire portion 1 a in the finish of the cooling. 
As a result, the reactive force at the upper limit L of RFV 
lowers, while the reactive force at the lower limit S of 
RFV hardly changes, so that the value of RFV becomes 
smaller than that before modifying and hence the RFV 
value of the tire 1 can be rendered into a range of a 
desired value. 

[0053] Next, details of the process for modifying 
RFV according to the first way will be described with ref- 
erence to Figs. 2-5. 

[0054] Fig. 2 is a plan view of a main part of an 
embodiment of the apparatus for heating the tire 1 , and 
Fig. 3 is a section view taken along a line Ill-Ill of Fig. 2, 
and Fig. 4 is a plan view of a main part of a modified 
embodiment of the heating apparatus shown in Fig. 2, 
and Fig. 5 is a section view taken along a line V-V of Fig. 
4. 

[0055] In Figs. 2-5, the tire 1 is mounted onto a two- 
split wheel 10 having approved rim width and shape for 
applying the internal pressure to the tire 1. It is conven- 
ient to use a rim for PCI as the wheel 10. The wheel 10 
has a valve 1 1 for applying the internal pressure. More- 
over, the term "approved rim" used herein means a rim 
disclosed in JATMA YEAR BOOK (1998), TRA YEAR 
BOOK (1998), and ETRTO DATA BOOK (1998). 
[0056] The heating apparatus shown in Figs. 2 and 
3 comprises a heating box 20 formed by integrally unit- 
ing two-split box segments 21 and 22, and each of the 
box segments 21 ;22 is provided with a partition wall 23, 
24. The inside of the heating box 20 is partitioned into a 
space 20S C and a space 20Lc by the partition walls 23 
and 24, and the tire 1 and the wheel 10 are housed in 
the spaces 20S Ct 20Lc at a floated state through a sup- 
port (not shown). 

[0057] In this case, as shown in Fig. 2, the first dis- 
tinguishing mark M s is located in approximately a 
center of the space 20S C and the second distinguishing 
mark M L is located in approximately a center of the 
space 20Lc. Moreover, the partition walls 23, 24 are 
rendered into a shape matched with the shape of the 
tire 1 and the shape of the wheel 10, whereby the con- 
nection between the mutual spaces 20S C and 20Lc « 
intercepted to obstruct heat flow. 
[0058] The heating apparatus shown in Figs. 4 and 
5 comprises separate-type heating boxes 30 and 31. 
The heating box 30 is an integrated body of two-split 
box segments 32, 33 and the heating box 31 is an inte- 
grated body of two-split box segments 34, 35. The heat- 
ing boxes 30, 31 shown by a solid line in Fig. 4 have a 
fan-shaped plan and comprise spaces 30S C and 31Lc 
narrower than the spaces 20S C and 20Lc shown in 
Figs. 2 and 3. In these spaces 30S C , 31 are housed 
apart of the tire 1 and a part of the wheel 10 at a floated 
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state through a support (not shown). 
[0059] In this case, as shown in Fig. 4, the first dis- 
tinguishing mark M s is located in approximately a 
center of the space 30Sc and the second distinguishing 
mark M L is located in approximately a center of the 
space 31 Lc. Moreover, the two-split box segments 32, 
33 and the two-split box segments 34, 35 are rendered 
into a shape matched with the shape of the tire 1 and 
the shape of the wheel 10, respectively, whereby the 
connection of each of the respective spaces 30S C , 31 l_c 
to an exterior is intercepted to obstruct heat flow. Fur- 
ther, the space 30S C , 31 Lc of the heating boxes 30, 31 
may be enlarged in accordance with the condition of 
RFV distribution curve as shown by a phantom line in 
Fig. 4. 

[0060] Into the space 20S C of the heating box 20 
and the space 30S C of the heating box 30 is supplied a 
high-temperature heating gas such as high-temperature 
steam or the like. By the heating gas is heated a part of 
at least sidewall portion 3 in the first tire portion 1a, or 
the first tire portion 1a including the bead portion 2, the 
sidewall portion 3 and the tread portion 4 in the illus- 
trated embodiment. Moreover, means for supplying the 
heating gas is omitted in its illustration. 
[0061 ] On the other hand, at least sidewall portion 3 
of the second tire portion 1b, or the second tire portion 
1b including the bead portion 2, the sidewall portion 3 
and the tread portion 4 in the illustrated embodiment is 
not subjected to the heating, or even if the heating is 
carried out, the second tire portion 1b is heated by using 
a heating gas of a temperature remarkably lower than 
the heating gas for the first tire portion 1a. When the 
heating of the second tire portion 1b is not required, the 
heating gas is not supplied to one space 20Lc of the 
heating box 20 and the space 31 Lc of the heating box 
31 , respectively. In case of the heating apparatus shown 
in Fig. 4, the heating box 31 can be removed. 
[0062] After the finish of the heating, the supply of 
the heating gas is stopped and the tire 1 is taken out 
from the heating box 20, 30, 31 and inflated immediately 
with a compressed air of a given pressure at room tem- 
perature through the valve 10. Moreover, the inside of 
the tire 1 is either an atmospheric pressure communi- 
cating to air or substantially a weak pressure during the 
heating. In general, the internal pressure of the tire 1 is 
suitable to be within a range of 100-500 kPa. In case of 
the tire for passenger car, the internal pressure of 100- 
300 kPa is suitable. Then, the tire 1 inflated under the 
internal pressure is cooled. 

[0063] By applying different thermal hysteresis and 
applying the internal pressure to the first tire portion 1a 
and the second tire portion 1 b of the tire 1 as mentioned 
above, the modulus of elasticity in the organic ftoer 
cords of the carcass plies 6-1 , 6-2 at the first tire portion 
1a on the higher temperature mark side M s (former 
cord) is more increased as compared with the modulus 
of elasticity in the organic fiber cords of the carcass 
plies 6-1,6-2 at the second tire portion 1b on the lower 



temperature mark side M L (latter cord) as mentioned 
later. 

[0064] That is. a filament crystallinity and a degree 
of amorphous molecule orientation in the former cord 
s are lowered as compared with those in the latter cord at 
the finish of the heating to more promote so-called 
relaxation, so that the modulus of elasticity in the former 
cord becomes lower. On the other hand, when the inter- 
nal pressure is applied to the tire 1, the former cord 
10 becomes larger in the stretching degree through tension 
and higher in the temperature as compared with those 
of the latter cord, so that the filament crystallinity and 
the degree of amorphous molecule orientation are 
increased. As a result, the modulus of elasticity in the 
is former cords of the plies 6-1,6-2 becomes higher than 
that of the latter cord at the finish of the cooling. 
[0065] As a result that the modulus of elasticity in 
the former cords of the plies 6-1 , 6-2 of the carcass 6 in 
the tire 1 becomes higher than that of the latter cord, a 
20 longitudinal rigidity (rigidity in the radial direction) of the 
first tire portion 1a at the side of mark M s , that is, a lon- 
gitudinal spring constant becomes larger than that of 
the second tire portion 1 b at the side of mark M L . There- 
fore, as shown by a solid line in Fig. 12, the reactive 
25 force of the first tire portion 1 a is largely enhanced from 
a reactive force Sq of the original first tire portion as 
shown by a phantom line in Fig. 12 to a reactive force 
S 1t and RFV is largely decreased from RFV 0 to RFV.,. 
[0066] The second tire portion lb located on the 
30 side of the mark M L may be held at room temperature 
without being subjected to the heating. If it is intended to 
conduct the heating, it is preferable to provide a temper- 
ature difference of not less than 40°C to the heating 
temperature of the first tire portion 1a located on the 
35 side of the mark M s . In fact it is suitable to advanta- 
geously realize the above difference between longitudi- 
nal spring moduli by rendering the heating temperature 
of the first tire portion 1a into a range of 120-130°C and 
the heating temperature of the second tire portion lb 
40 into a range of 60-80°C. 

[0067] The heating time is a time until the organic 
ftoer cords of the carcass plies 6-1 , 6-2 of the carcass 6 
in the tire 1 reaches to at least the temperature of the 
heating gas or a temperature near thereto. In case of 
45 the tire 1 for passenger car, the heating time is favorable 
to be within a range of 5-15 minutes. 
[0068] With respect to the tire 1 after the finish of 
the heating, there may be used a way wherein the whole 
of the tire 1 is spontaneously cooled at an atmosphere 
so temperature outside the boxes 20, 30, 31, and a way 
wherein the first tire portion 1 a located on the side of the 
first distinguishing mark M s is slowly cooled at a cooling 
rate slower than that of the second tire portion 1b 
located on the side of the second distinguishing mark 
55 M L . The cooling time is preferable to be within a range 
of about 10-30 minutes in case of the tire 1 for passen- 
ger car. 

[0069] Since the longitudinal rigidity of the tire 1 as 
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a whole is generally favorable to become larger as far as 
possible, it is advantageous that the second tire portion 
1b located on the side of the second distinguishing 
mark M L is spontaneously cooled at the outside of the 
box 31 and the first tire portion 1a located on the side of 
the first distinguishing mark M s is slowly cooled in the 
space 30S C of the box 30. The application of the slow 
cooling brings about a merit that the difference between 
the longitudinal spring moduli increases and an amount 
raising from the reactive force Sq to the reactive force 
becomes large. 

[0070] In order to sufficiently achieve the relaxation 
of the organic fiber cords embedded in the plies 6-1 , 6- 
2, the inside of the tire 1 communicates to air during the 
heating and tension is not applied to the cords. If rt is 
required to previously fit the tire 1 onto the wheel 10 for 
facilitating the application of the internal pressure, how- 
ever, after the given internal pressure is applied to the 
tire 1 , the inside of the tire may be rendered into a state 
of a weak pressure. In this point, when the two-split rim 
constituting elements used in the PCI step as men- 
tioned above are applied to the wheel 10, there is 
obtained an advantage that the previous fitting work and 
the filling of the weak pressure are useless. The term 
"weak pressure** used herein concretely means a low 
pressure of no more than 150kPa. 
[0071] In the tire 1 applied to the process for modi- 
fying RFV based on the first way and comprising the 
carcass 6 of the plies 6-1 , 6-2 containing many organic 
fiber cords of the radial arrangement, the organic ffoer 
cord located in at least sidewalt portion of the first tire 
portion 1a has a modulus of elasticity larger than that of 
the organic fiber cord located in at least sidewall portion 
of the second tire portion 1b. - 
[0072] Next, details of the process for modifying 
RFV according to the second way will be explained with 
reference to Figs. 6-9. 

[0073] Fig. 6 is a schematically plan view of an out- 
line of a simplified apparatus for cooling the tire 1 , Fig. 7 
is a dtagrammatically section view taken along a line 
VII-VII of Fig. 6, Fig. 8 is a schematically plan view of an 
outline of another apparatus for cooling the tire 1 , and 
Fig. 9 is a diagrammatically section view taken along a 
line IX-IX in Fig. 8. 

[0074] At first, the tire 1 putted with the distinguish- 
ing marks M L , M s and the wheel 10 are previously 
heated by the heating means (not shown) until the 
whole of the tire 1 reaches to a given uniform tempera- 
ture. The heating means is not particularly restricted, 
but may be an equipment such as a hot-blast circulating 
furnace, or means for enclosing a high-temperature 
steam into the inside of the tire 1. or both of them. The 
temperature inside the tire 1 at the finish of the heating 
is preferable to be within a range of 120-1 70°C. Particu- 
larly, when the organic fiber cord in the plies 6-1, 6-2 is 
nylon-6 cord or nylon-66 cord, the temperature is more 
favorable to be within a range of 120-130°C. 
[0075] The cooling of the tire 1 after the finish of the 



heating will be explained with respect to the use of the 
simple apparatus shown in Figs. 6 and 7 and the use of 
the apparatus shown in Figs. 8 and 9 as a typical exam- 
ple, respectively. During the cooling in the thermal hys- 
s teresis. the tire is rendered into a state of applying the 
given internal pressure to the tire. Moreover, the internal 
pressure of the tire 1 is either an atmospheric pressure 
communicating to air or a weak pressure at most during 
the heating. 

10 [0076] The cooling of the tire 1 by the apparatus 
shown in Figs. 6 and 7 is a way wherein the sidewall 
portion 3 in the second tire portion lb mainly located on 
the side of the mark M L is forcedly quenched by abutting 
on a metallic cooling plate below room temperature (20- 
15 25°C). On the other hand, the first tire portion 1 a located 
on the side of the mark M s is slowly cooled or spontane- 
ously cooled at an exposed state. 
[0077] In this case, a cooling gas of not higher than 
20-25°C, for example, a cold air is blown onto the cool- 
so ing plates 40, 41 to prevent the temperature rise of the 
cooling plates 40, 41, if necessary. Moreover, although 
the illustration is omitted, the cooling plates 40, 41 may 
be made to a hollow body and a cooling water or a cool- 
ing gas (cold air) may be circulated in the hollow body. 

25 And also, the cooling region of the cooling plates 40, 41 
may be enlarged as shown by a phantom line in Fig. 6. 
[0078] The cooling of the tire 1 by the apparatus 
shown in Figs. 8 and 9 is a way wherein almost all of the 
second tire portion 1b located on the side of the mark 

30 M L is forcedly cooled by using a cooling box 50 of a cold 
air circulating type. The cooling box 50 consists of two- 
split type metallic box segments 51 and 52 and is pro- 
vided on its inside with a cavity SOLc. The cooling rate rs 
adjusted by circulating the cooling water or the cooling 

35 gas in the cavity 50Lc. Even in this case, the first tire 
portion 1a located on the side of the mark M s is sponta- 
neously cooled at the exposed state. 
[0079] In case of the tire 1 for passenger car, the 
cooling rate of the second tire portion 1b is suitable to 

40 be within a range of 20-40°C/min, and the cooling rate 
of the first tire portion 1a is suitable to be within a range 
of 10-20°C/min, and it is desirable that the cooling rate 
of the former is at least two times that of the latter. The 
time for providing different cooling rates is preferable to 

45 be within a range of about 1-5 minutes. Moreover, as 
shown by a phantom line in Fig. 8, the cooling region of 
the cooling box 50 may be enlarged. 
[0080] By the applications of the different cooling 
rate between the first tire portion 1 a and the second tire 

so portion 1b and of the internal pressure with respect to 
the tire 1 mentioned above, the modulus of elasticity in 
the organic fiber cords (the former cord) of the carcass 
plies 6-1 , 6-2 of the second tire portion 1b treated at a 
faster cooling rate becomes more lower than that in the 

55 organic fiber cords (the latter cord) of the carcass plies 
6-1, 6-2 of the first tire portion 1a treated at a slower 
cooling rate as mentioned below. 
[0081 ] That is, the organic fiber cords of the plies 6- 
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1 , 6-2 in the tire 1 reach to a uniform and high tempera- 
ture over the whole thereof and are uniformly relaxed at 
the finish of the heating. However, the respective 
progress of the filament crystallinity and the degree of 
amorphous molecule orientation in the former cord 5 
treated at a faster cooling rate is largely delayed as 
compared with the PCI case of spontaneous cooling by 
leaving during a period ranging from the start of the 
cooling to the finish thereof. As a result, the modulus of 
elasticity in the organic f iber cord of the second tire por- 
tion lb becomes lower than that in the original state. 
[0082] On the other hand, the organic f toer cords of 
the plies 6-1 , 6-2 of the first tire portion 1a through the 
thermal hysteresis of spontaneous cooling at a slower 
cooling rate hold the original modulus of elasticity. As a 
result the organic fiber cords of the plies 6-1 . 6-2 in the 
second tire portion 1b have becomes lower in the mod- 
ulus of elasticity as compared with those in the first tire 
portion 1 a at the finish of the cooling. 
[0083] The longitudinal spring modulus of the sec- 
ond tire portion 1b is also lowered by a value of sub- 
tracting the modulus of elasticity in the organic fiber 
cords of the plies 6-1,6-2 in the second tire portion 1b 
from their original modulus of elasticity, so that the reac- 
tive force of the second tire portion 1 b largely decreases 
from the reactive force Lq of the original second tire por- 
tion 1b shown by a phantom line to the reactive force L 2 
shown by a solid line as shown in Fig. 13, and RFV 
largely lowers from RFV 0 to RFV 2 . 
[0084] As mentioned above, it is possible to easily 30 
modify the value of RFV from RFV 0 to RFV-, and from 
RFV 0 to RFV 2 only by subjecting the first tire portion 1a 
and the second tire portion in the tire 1 to the different 
thermal hysteresis. 

[0085] According to this process, it is possible to 35 
conduct an accurate RFV modification because it is not 
an indirect RFV modification through the conventional 
RR but directly add the modification to the first tire por- 
tion 1a having the lower limit S of RFV or the second tire 
portion lb having the upper limit L thereof. Secondarily, 40 
the appearance of the tire 1 just after the building 
through vulcanization can be maintained as it is, and 
there is not caused the occurrence of ducts such as 
buffed dusts and the like, so that rt develops an effect 
capable of holding a good work environment. 45 
[0086] In the tire 1 applied to the process for modi- 
fying RFV based on the second way as mentioned 
above, the organic fiber cords located in at least side- 
wall portion of the second tire portion 1b have a modu- 
lus of elasticity lower than that of the organic fiber cords so 
located in at least sidewall portion of the first tire portion 
1a. 

[0087] Next, the process for modifying COF among 
the processes for modifying the uniformity will be 
explained. 55 
[0088] In all tires 1 after PCI. a quantity and a gen- 
erating direction of COF at a state of applying a given 
internal pressure are measured by an apparatus for 



measuring the uniformity at an inspection step to auto- 
matically judge acceptance or rejection based on the 
COF quantity. If the tire is divided into first and second 
half tire parts 1c and 1d with respect to an equatorial 
plane E of the tire, rejected tires 1 exceeding a rated 
COF value are putted with a third distinguishing mark 
M c at the first half tire part 1c showing the generating 
direction of COF and transferred to a step for modifying 
COF. 

[0089] The third distinguishing mark M c is put on a 
position of the first half tire part 1 c easily visible from an 
exterior such as a surface of one sidewall portion 3 or 
the like (see Fig. 10). After the whole of the tire 1 putted 
with the third distinguishing mark M c is uniformly 
heated, the first and second half fire parts of the tire 1 at 
the finish of the heating are subjected to different ther- 
mal hysteresis as mentioned below and particularly 
cooled under different conditions. 
[0090] That is. the first half tire part 1c having the 
mark M c is cooled at a temperature lower than that of 
the second half tire part 1d in at least an initial stage in 
the cooling period of the tire 1 . In addition, a given inter- 
nal pressure, generally an internal pressure of 100-500 
kPa is applied to the tire 1 in a period ranging from a 
middle stage to a last stage of the cooling in the thermal 
hysteresis. In case of the tire 1 for passenger car, an 
internal pressure of 100-300 kPa is applied. 
[0091 ] By the difference of the above cooling condi- 
tions, the modulus of elasticity in the organic fiber cords 
of the carcass plies 6-1,6-2 located in the first half part 
1c is more decreased as compared with the modulus of 
elasticity in the organic fiber cords of the plies 6-1. 6-2 
located in the second half tire part 1d. This means that 
the elongation of the organic f iber cord becomes larger 
under an action of the same tension. 
[0092] When a given internal pressure is applied to 
the tire 1 , the first half tire part 1c containing the organic 
ffoer cords of a lower modulus of elasticity indicates to 
have a tendency that it is more elongated in the radial 
direction of the tire as compared with the second half 
tire part 1d. As a result, the value of COF is largely 
decreased to attain the modification of COF. 
[0093] Then, details of the process for modifying 
COF will be explained with reference to Fig. 10. 
[0094] Fig. 10 is a diagrammatically section view of 
an outline of an apparatus for heating and cooling the 
tire at a plane including a rotating axial line of the tire. 
[0095] In Fig. 1 0, the heating and cooling apparatus 
comprises a box 60 for heating and cooling the tire. The 
box 60 is composed of two-split box segments 61 and 
62. 

[0096] The box segment 61 comprises one or more 
pipes 63 (two pipes in the illustrated embodiment) for 
supplying a high-temperature gas and a cooling gas 
and a support 64 sipporting the tire 1 and the wheel 1 0. 
The other box segment 62 comprises one or more pipes 
65 (one pipe in the illustrated embodiment) for supply- 
ing the high-temperature gas. 
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[0097] The tire 1 is housed in the box 60 so as to 
locate the first half tire part 1c putted with the mark M c 
on the side of the box segment 61 . At least one box seg- 
ment of the box segments 51 , 62 is provided with a par- 
tition wall, and in the illustrated embodiment partition 5 
walls 66, 67 are provided on both the box segments 61 , 
62 to thereby divide the inside space of the box 60 into 
two internal chambers 61 c and 62c at a state of housing 
the tire 1. 

[0098] To each of the internal chambers 61c.62c is w 
supplied a heating gas of no lower than 120°C such as 
a steam or the like through the pipes 63 and 65 to heat 
the tire 1 for a given time until it becomes the same as 
the heating gas temperature. In this case, it is effective 
to supply the same heating gas into the inside of the tire is 
1 through a valve 11 for shortening the heating time. 
However, the heating gas inside the tire 1 is circulated 
so as not to apply a higher pressure to the tire 1 . That is, 
the internal pressure of the tire 1 during the heating is 
either an atmospheric pressure communicating to air or 20 
substantially a weak pressure. Moreover, the heating of 
the tire 1 can be carried out at another place and the tire 
1 at the finish of the heating can be housed only in the 
box segment 61 without using the box segment 62. 
[0099] After the finish of heating the tire 1 . the heat- 25 
ing gas for the internal chambers 61 c. 62c is discharged 
together with the heating gas for the inside of the tire 1 . 
After the finish of the discharge, a cooling gas of not 
higher than 10°C, for example, a cooling air is supplied 
to only the internal chamber 61c through the pipe 63 30 
and desirably circulated therein. On the other hand, the 
internal chamber 62c is communicated to air. Thus, the 
first half tire part 1c putted with the third distinguishing 
mark M c is cooled at a cooling rate faster than that of 
the second half tire part 1d. The cooling through the 35 
cooling gas corresponds to so-called force-cooling. 
[0100] In the cooling ranging from the initial stage 
through the middle stage to the last stage, an atmos- 
pheric pressure or a weak pressure is applied to the tire 
1 without applying the given internal pressure on the 40 
way of the cooling ranging from initial stage to the mid- 
dle stage. The cooling period (time) at the atmospheric 
pressure or weak pressure becomes longer as the COF 
value is large and shorter as the COF value is small, 
whereby the control corresponding to the COF value is 45 
conducted. Since the internal pressure of the tire 1 is an 
atmospheric pressure or a weak pressure on the way of 
the cooling, tension is not applied to the carcass 6 and 
hence the progress of filament crystallinity and the 
degree of amorphous molecule orientation in the so 
organic fiber cords of the carcass plies 6-1 . 6-2 at the 
first half tire part 1c becomes slower than that at the 
second half tire part 1d. 

[0101] The given internal pressure is applied to the 
tire 1 during the cooling period from the middle stage to ss 
the last stage, whereby tension is applied to the carcass 
6 of the tire 1 . Since the cords of the plies 6-1,6-2 bear 
a greater part of tension, the cords of the plies 6-1 , 6-2 
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at the second half tire part 1d have the same modulus of 
elasticity as at the finish of PCI, while the cords of the 
plies 6-1 , 6-2 at the first half tire part 1c have the modu- 
lus of elasticity smaller than that at the finish of PCI. As 
a result, when the given internal pressure is applied to 
the tire 1, the first half tire pan 1c has a radius in the 
radial direction larger than that of the original first half 
tire pan, so that COF is decreased. 
[0102] In Fig. 14 are shown lateral forces LF P1 , 
LF n1 of the tire 1 after the COF modification and direct 
current components LF PW1 , l_F nW1 thereof. The lateral 
forces LFpo and LF p1 in a forward rotating region of the 
tire 1 are substantially unchangeable before and after 
the modification, while the lateral force LF n1 in a back- 
ward rotating region of the tire 1 largely changes from 
LF n0 shown by a phantom line before the modification. 
As seen from Fig. 14, an absolute value of LF nW1 is 
largely decreased as compared with an absolute value 
of LF nW0 , so that COF 1 = (LF PW1 + L nW1 )/2 after the 
modification becomes considerably smaller than 
COF 0 = (LF^q + LF nW0 )/2 before the modification. 
[0103] For example, in the radial tire for passenger 
car having a tire size of 185/50R 14, it is confirmed that 
the value of COF is decreased to about 1/4. 
[01 04] Thus, in the tire 1 subjected to the COF mod- 
ification, the organic fiber cords at the first half tire part 
1c have a modulus of elasticity smaller than that of the 
organic fiber cords at the second half tire part 1d. 
[0105] In brief, it is possible to conduct sufficient 
RFV modification and COF modification by dividing the 
tire 1 to be modified into different portions and applying 
different thermal hysteresis to these portions. There- 
fore, the tire 1 after the modification holds an excellent 
appearance and is not accompanied with a risk such as 
breakage or the like because it is not required to apply a 
considerably high air pressure to the tire 1 . 
[01 06] Moreover, the invention aims at a point that a 
difference of modulus of elasticity is provided to the 
organic fiber cords of the carcass plies 6-1 , 6-2, so that 
such a difference of the modulus of elasticity in the 
organic f toer cords is a significant of at least 5% in a sig- 
nificant examination using a statistical method. 
[01 07] According to the first aspect of the invention, 
there can be provided a process for modifying a uni- 
formity of the tire which can maintain an excellent envi- 
ronment having no dust such as buffed dust or the like 
without causing a fear of tire breakage and can surely 
and effectively keep RFV within a given rated value 
range by cfividing a RFV-rejected tire into two different 
tire portions and applying different thermal hysteresis to 
these portions. 

[01 08] According to the second aspect of the inven- 
tion, there can be provided a process for modifying a 
uniformity of the tire which can maintain an excellent 
environment without causing a fear of tire breakage and 
can surely and effectively keep COF within a given rated 
value range by dividing a COF-rejected tire into two dif- 
ferent half tire parts and applying different thermal hys- 
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teresis to these parts. 

[0109] According to the third aspect or fourth 
aspect of the invention, there can be provided tires 
capable of forwarding as an acceptable tire while hold- 
ing an excellent appearance through vulcanization and 
building-up steps by applying the process described in 
the first or second aspect of the invention to the RFV- 
rejected tire or COF-rejected tire. 

Claims 

1. A process for modifying a uniformity of a tire com- 
prising a carcass ply of rubberized organic fiber 
cords arranged side by side in a radial direction of 
the tire, which comprises the steps of measuring a 
radial force variation (RFV) of the tire inflated under 
a given internal pressure, putting a first distinguish- 
ing mark to a first tire portion indicating a minimum 
value of RFV, putting a second distinguishing mark 
to a second tire portion indicating a maximum value 
of RFV, applying different thermal hysteresis to the 
first tire portion and the second tire portion, and 
keeping a state of applying the given internal pres- 
sure to the tire during the cooling in the thermal 
hysteresis. 

2. The process according to claim 1 . wherein a wave- 
form of a primary component is taken out from the 
measured RFV waveform and the first distinguish- 
ing mark is put to the first tire portion corresponding 
to a maximum value of the primary component 
waveform, and the second distinguishing mark is 
put to the second tire portion corresponding to a 
minimum value thereof. 

3. The process according to claim 1 , wherein the inter- 
nal pressure of the tire during the heating in the 
thermal hysteresis is either an atmospheric pres- 
sure communicating to air or a weak pressure. 

4. The process according to claim 1, wherein at least 
a sidewall portion of the first tire portion is heated to 
make a temperature thereof higher than that of the 
second tire portion at the finish of the heating in the 
thermal hysteresis. 

5. The process according to claim 4, wherein only at 
least sidewall portion of the first tire portion is par- 
tially heated at a given temperature. 

6. The process according to claim 4, wherein at least 
sidewall portions of the first tire portion and the sec- 
ond tire portion are heated at different amounts of 
heat, respectively. 

7. The process according to claim 1 , wherein the heat- 
ing is carried out so as to make an internal temper- 
ature of at least sidewall portion of the first tire 



portion higher by no less than 40 °C than that of at 
least sidewall portion of the second tire portion at 
the finish of the heating of the tire. 

5 a The process according to claim 1, wherein the 
whole of the tire subjected to the heat is spontane- 
ously cooled. 

9. The process according to claim 1, wherein at least 
io sidewall portion of the first tire portion is slowly 

cooled at a cooling rate slower than that of at least 
sidewall portion of the second tire portion. 

10. The process according to claim 1, wherein the 
is whole of the tire is uniformly heated at the same 

temperature and at least sidewall portion of the sec- 
ond tire portion in the tire after the finish of the heat- 
ing is cooled at a cooling rate faster than that of at 
least sidewall portion of the first tire portion. 

20 

1 1 - The process according to claim 1 0, wherein at least 
sidewall portion of the second tire portion is 
quenched by force-cooling and at least sidewall 
portion of the first tire portion is slowly cooled by 
25 spontaneous cooling. 

12. A process for modifying a uniformity of a tire having 
a carcass ply of rubberized organic fiber cords 
arranged side by side in the radial direction, which 

30 comprises the steps of measuring a quantity and a 
direction of a conicity force (COF) of the tire inflated 
under a given internal pressure, putting a third dis- 
tinguishing mark to a first half tire part located in 
COF generating direction when the tire is divided 
35 into first and second half tire parts with respect to 
an equatorial plane of the tire, and applying differ- 
ent thermal hysteresis to the first half tire part and 
the second half tire part, and applying the given 
internal pressure to the tire during a period ranging 
40 from a middle stage to a last stage of a cooling in 
the thermal hysteresis. 

13. The process according to claim 12, wherein the 
thermal hysteresis is carried out by uniformly heat- 

45 ing the whole of the tire, and cooling the first half tire 
part having the third distinguishing mark at a tem- 
perature lower than that of the second half tire part 
in at least an initial stage of the cooling of the tire. 

so 14. The process according to claim 12. wherein the 
internal pressure of the tire is made either an 
atmospheric pressure or a weak pressure during a 
period ranging from an initial stage to a middle 
stage of the cooling in the thermal hysteresis. 

55 

15. The process according to claim 12, wherein the first 
half tire part is cooled at a cooling rate faster than 
that of the second half tire part during a period 
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ranging from an initial stage of the cooling of the tire 
to at least an application of the given internal pres- 
sure to the tire. 

1 6- The process according to claim 12, wherein the first s 
half tire part is quenched by force-cooling and the 
second half tire part is slowly cooled by spontane- 
ous cooling. 

17. The process according to claim 12, wherein the 10 
internal pressure of the tire during the heating is 
made either an atmospheric pressure communicat- 
ing to air or a weak pressure. 

18. A pneumatic tire applied to the process for modify- is 
ing the tire uniformity relating to RFV as claimed in 
any one of claims 1 to 1 1 , in which in a carcass ply 

of organic f toer cords arranged side by side in the 
radial direction, a modulus of elasticity of the 
organic fiber cord located in at least sidewall portion 20 
of the first tire portion is larger than that in at least 
sidewall portion of the second tire portion. 

19. A pneumatic tire applied to the process for modify- 
ing the tire uniformity relating to COF as claimed in 25 
any one of claims 12 to 17, in which in a carcass ply 

of organic f toer cords arranged side by side in the 
radial direction, a modulus of elasticity of the 
organic fiber cord located in the first half tire part is 
smaller than that in second half tire part. 30 
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